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Executive Summary
The importance of mapping habitats and bioregions as a means to improve resource management has become increasingly clear. Large areas of the waters surrounding Florida are unmapped or incompletely mapped, possibly hindering proper management and good decisionmaking. Mapping of these ecosystems is among the top priorities identified by the Florida Oceans and Coastal Council in their Annual Science Research Plan. However, lack of prioritization among the coastal and marine areas and lack of coordination of agency efforts impede efficient, cost-effective mapping.
A workshop on Mapping of Florida's Coastal and Marine Resources was sponsored by the U.S. Geological Survey (USGS), Florida Department of Environmental Protection (FDEP), and Southeastern Regional Partnership for Planning and Sustainability (SERPPAS). The workshop was held at the USGS Florida Integrated Science Center (FISC) in St. Petersburg, FL, on February 7-8, 2007 . The workshop was designed to provide State, Federal, university, and non-governmental organizations (NGOs) the opportunity to discuss their existing data coverage and create a prioritization of areas for new mapping data in Florida. Specific goals of the workshop were multifold, including to:
• provide information to agencies on state-of-the-art technology for collecting data;
• inform participants of the ongoing mapping programs in waters off Florida;
• present the mapping needs and priorities of the State and Federal agencies and entities operating in Florida;
• work with State of Florida agencies to establish an overall priority for areas needing mapping;
• initiate discussion of a unified classification of habitat and bioregions;
• discuss and examine the need to standardize terminology and data collection/storage so that data, in particular habitat data, can be shared;
• identify opportunities for partnering and leveraging mapping efforts among agencies and entities;
• identify impediments and organizational gaps that hinder collection of data for mapping;
• seek innovative solutions to the primary obstacles identified;
• identify the steps needed to move mapping of Florida's oceans and coasts forward, in preparation for a better coordinated, more cost-effective mapping program to allow State and Federal agencies to make better decisions on coastal-resource issues.
Over 90 invited participants representing more than 30 State and Federal agencies, universities, NGOs, and private industries played a large role in the success of this two-day workshop. State of Florida agency participants created a ranked priority order for mapping 13 different regions around Florida. The data needed for each of the 13 priority regions were outlined. A matrix considering State and Federal priorities was created, utilizing input from all agencies. The matrix showed overlapping interests of the entities and will allow for partnering and leveraging of resources.
The five most basic mapping needs were determined to be bathymetry, high-vertical resolution coastline for sea-level rise scenarios, shoreline change, subsurface geology, and benthic habitats at sufficient scale. There was a clear convergence on the need to coordinate mapping activities around the state. Suggestions for coordination included:
• creating a glossary of terms: a standard for specifying agency data-mapping needs;
• creating a geographic information officer (GIO) position or permanent organizing group to maintain communications established at this workshop and to maintain progress on the issues identified during the workshop. The person or group could develop a website, maintain a project-status matrix, develop a list of contacts, create links to legislative updates and links to funding sources;
• developing a web portal and one-stop/clearinghouse of data.
There was general consensus on the need to adopt a single habitat classification system and a strategy to accommodate existing systems smoothly. Unresolved aspects of the systems warrant that a separate workshop would be needed to work out details.
Participants recognized that the State priority list would necessarily be updated periodically. An annual review of priorities would facilitate information exchange, mapping activities updates, and re-allocation of funding among changing priorities.
It was recognized that mapping of State waters would take billions of dollars and in light of tightening budgets there was need for processes that could be used to appropriate or leverage monies for mapping and reduce data-collection costs. Fourteen different avenues were explored. There was a clear consensus that the linking of public to private partnerships to support mapping was imperative, and ways to achieve this were discussed.
Introduction
Florida marine resource-management needs are increasingly critical in the face of global warming, sea-level rise, and maintaining the State economy. In their 2006-2007 Annual Science Report, the Florida Oceans and Coastal Council (FOCC) recognized that the comprehensive understanding of marine ecosystems needed to support management and restoration of resources and habitats depends upon reliable baseline data and ongoing data acquisition (FOCRC, 2007) . Marine and nearshore habitat and resources on the Florida shelf are shaped by climatic, geologic, hydrologic and biologic processes interacting on a variety of scales from hundreds of kilometers (e.g., groundwater flow, climate change) to millimeters (e.g., microbial communities, benthic invertebrates). Nutrient loading, environmental resources, the health of biological communities, red tides, submarine springs, and fisheries management are some of the current issues (FOCRC, 2008) .
One of the significant gaps in baseline data in Florida coastal and marine areas is the lack of coordination and development of comprehensive maps and other datasets that delineate bathymetry, substrate, habitat, and biological and natural resources. This information is critical for managers to understand the environment, its change through time, and the impacts of natural and anthropogenic processes on the marine environment. A variety of technologies is needed to map everything from deep water habitats to very shallow areas. Data are needed for resource management, large-scale models, fisheries models, and habitat characterization.
Florida has over 210,000 km 2 of coastline and marine shelf areas. Although some bathymetric and seafloor data exist for the coast and shelf of Florida, most data-collection efforts were project-driven and specific to the needs of a particular study. As a result, existing datasets may be available for limited areas, difficult to obtain, in analog or older digital formats, at a variety of spatial resolutions, inconsistent in data quality, and maintained by many different agencies and research groups.
A comprehensive mapped dataset is needed for the coast and shelf of Florida, but there are no priorities established among the various agencies and academic institutions on how to tackle such a huge mapping endeavor. Agencies and research institutions currently lack a distribution method or a communication pattern to share knowledge of existing data or common mapping needs. The primary advantages of inter-agency collaboration are:
• comprehensive data compilation;
• identification of data-rich and data-poor regions;
• coordination of data distribution and publication;
• alliance for technical expertise, available equipment, and development of new technologies;
• coordination of ongoing and future projects, including funding procurement.
Because of the enormity of the area, mapping of the priority areas in their entirety must likely be a phased approach, including acquisition of a variety of data that will be utilized in defining Essential Fish Habitat (EFH), wetland, sea grass, live rock, coral habitats, etc. These data in turn will be used as the baseline to conduct sustained observations of integrated physical and biological parameters and to develop user-friendly biophysical models for research and management applications, such as conservation and restoration. FDEP, 2007) . The overall workshop objective was to give State, Federal, university, and NGO participants the opportunity to discuss existing data coverage, available technologies, and to prioritize areas for acquiring new map data. Organizers, participants, and agencies are listed in Appendix II. Specific goals of the workshop were to:
Mapping-Workshop Goals
• give participants an overview of new mapping technologies;
• have participants gain knowledge of current mapping programs, agency needs and priorities;
• begin an initial identification of mapping commonalities among agencies;
• identify and designate State of Florida mapping priorities;
• begin discussing the coordination and matching of technologies;
• discuss the classification of habitats and bioregions;
• discuss next steps.
The workshop included presentations on technology and agency needs and priorities followed by participant discussions in breakout groups. The workshop report is divided into technology, agency programs, needs and priorities, habitat and bioregion classifications, in-depth discussions, and workshop recommendations.
Mapping Technology, Scales, and Resolution
Desired outcomes of this workshop included the prioritized mapping needs of the State, promotion of communication between agencies with similar and/or overlapping mapping needs, and facilitation of the development of a comprehensive baseline dataset for the Florida shelf. The technology section of the workshop was designed to introduce and hold open discussion on the variety of mapping technologies available, the types of products already in production, and a vision for integrating these products in a thorough and practical view of the marine and coastal resources of the Florida shelf. The various platforms and techniques offer a number of spatial-, spectral-, and temporal-resolution options. Cost and processing time also play important roles in the course of decision-making prior to data acquisition. Communication among scientists, technical experts, and managers can facilitate selection of the appropriate mapping application for the data quality required, while factoring fiscal responsibility and expediency into the equation. The mapping-technology section serves as a platform for expanded discussions for determining viable data-acquisition procedures and development of new and innovative mapping products for the Florida shelf and coastline.
Technology
Mapping technology can be classified by data type, sensor, platform, or product. Products can be further categorized by scale, resolution, and format. Several mapping-technology topics were discussed during the workshop: bottom and subbottom acoustics, remote-sensing and imaging techniques, the application of autonomous underwater vehicles (AUVs) to mapping bottom characteristics, and new mapping techniques.
Vessel-based Acoustic Sensors
Acoustic sensors rely on sonar (SOund Navigation and Ranging) technology to identify and map water-column, bottom and subbottom characteristics. The sensors are typically mounted on sea-going vessels, and data are collected along 'track lines.' Trackline data are subsequently used to create map products. Examples of sonar systems for bottom mapping were presented: sidescan-sonar imaging systems, swath and single-beam bathymetric mapping systems, acoustic-classification techniques, and seismic-reflection profiling. Resolution of the bathymetric data is dependent on the physical environment, sensor type, and trackline spacing. Single-beam sonar is effective for mapping bathymetry in shallow water, and swath multi-beam is used in deeper environments (Fig. 1) . Seismic-reflection profiles provide information on the characteristics of the geology underlying the seafloor. Two commonly used seismic systems, CHIRP and Boomer, apply different frequency and power ranges. The CHIRP seismic system acquires profile data at a 1-m vertical resolution with 50-m penetration as opposed to the Boomer system, which acquires 1-to 3-m vertical resolution with 100-m penetration (Fig. 2) . USGS high-resolution seismic profiling (HRSP) data have been acquired at several locations around the State of Florida (Fig. 3) . Non-acoustic data-collection instruments (optical, images, samples) can also be deployed from sea-going vessels. USGS researchers presented examples of two vessel-mounted geo-referenced imaging systems: 1) Along-Track Reef-Imaging System (ATRIS) and 2) Deep ATRIS. Photos and videos of bottom features and habitat snapshots make it possible to create a record of seafloor characteristics tied directly to a Geographic Information System (GIS). Sampling systems include, but are not limited to, bottom samplers, drill rigs, and water samplers. These systems can be deployed to "ground truth" data collected from an imaging or sonar system.
Remote-Sensing Platforms
Remote-sensing methods can be used to map both marine and coastal features. They include LIght Detection And Ranging (LIDAR, a.k.a. laser altimetry) and satellite and airborne-imaging systems. Both passive and active sensors can be deployed on aircraft or satellite to collect measurements and images. Depending on the sensor, altitude, and optical depth, airborne data can be collected for sea-surface characteristics, water-column quality, water depth, and seafloor characteristics such as habitat type and cover.
Researchers from the U.S. Army Corps of Engineers (USACE) and USGS gave examples of laser altimetry using the Compact Hydrographic Airborne Rapid Total Survey (CHARTS) and Experimental Advanced Airborne Research Lidar (EAARL; Fig. 4 ). Both the CHARTS and EAARL systems extend the collection of surface-data points from onshore to offshore, providing both topographic-and bathymetricsurface models. The topographic/bathymetric systems can be used successfully under low-turbidity, lowwave conditions. These systems facilitate mapping of shallow coastal areas where deep-draft vessel-based bathymetric systems are constrained. (Nayegandhi, 2007) Researchers from the University of South Florida (USF) and Florida Department of Environmental Protection (DEP) provided examples of airborne and satellite sensors used to map water quality and habitat. The digital compact airborne spectrographic imager (CASI) acquires hyperspectral image data for mapping water-column and benthic-habitat information and can be used to develop classification maps at local to regional scales. Satellite imagery, on the other hand, can provide large synoptic habitat information and time series of water column and ocean bottom.
Aerial photography has been used for years to map coastal habitats such as seagrass beds. Optical remote sensing provides a cost-effective synoptic view of many ecosystems around Florida. However, depending on the science question, optical remote sensing may lack the spatial or spectral information to adequately address the question posed.
Remotely Operated Vehicles
Researchers from the USF Center for Ocean Technology (COT) and Florida Atlantic University (FAU) SeaTech presented applications using remotely operated vehicles (ROVs) as mapping platforms in marine environments. A mobile inspection package (MIP) used on an autonomous underwater vehicle (AUV) or ROV provides a unique opportunity to produce micro-bathymetric maps (less than 1m detail) for mapping water-column information and to map benthic or subbottom habitats.
New Mapping Technologies
The final set of presentations covered new mapping techniques and applications. The hybrid mapping tool (HMT), presented by Nova Southeastern University (NSU) researchers, uses advanced processing techniques and edge detection for raster-image data, such as LIDAR, sidescan, and multibeam, to classify submerged features. The automated process searches for differences in habitat architecture and complexity measures. The technique relies on geomorphic properties more than spectral properties and may be useful for categorization and change detection.
A presentation was also given by USGS researchers on methods in mapping electronic resistivity, a technique used to map groundwater discharge in nearshore areas. Products are derived from both continuous or stationary resistivity technology. The inverted resistivity sections in the final product reveal geologic or hydrologic targets. The location of less saline, or more resistive, water can be used to identify wastewater outfalls, aquifer seeps, or change over time ( 
Selection of Technique
Technologies are available to address most mapping needs in shallow, mid-shelf, and deep-shelf regions but may be cost prohibitive. Traditional marine-mapping technology has been inadequate to address large-scale mapping of seafloor in shallow, turbid waters. For these areas, it is possible to map locally, using small boats and acoustic sensors. Airborne sensors have traditionally been used for mapping in optically shallow waters. With proper preparation and a short lead time, it is feasible to map shallow regions with airborne sensors during low-wave, low-turbidity conditions.
Each technology comes with constraints on coverage (scale), resolution, data type, and data quality. Selection of the mapping method should be evaluated for cost-effectiveness, depending on funds, time, and expertise available. The State of Florida is in a position to establish methods, new approaches, and cooperative efforts that capitalize on available resources to produce comprehensive coverage of marine and coastal resources.
Several existing websites provide management information on mapping technology (USGS, 2008). The Alliance for Coastal Technologies (ACT) has an online compilation of technologies (ACT, 2008) . This site is sponsored by NOAA and several research groups and was recognized as a reasonable place to start gathering information for a decision diagram for selection of appropriate mapping techniques.
A comprehensive list of information on all mapping technologies, including resolution and cost, would be useful. NOAA has an informative compilation of information in its publication "Mapping Southern Florida Shallow-Water Coral Ecosystems: An Implementation Plan" (Rohmann and Monaco, 2005) . This document provides information on technologies and cost-per-unit data. Relevant tables in Rohmann and Monaco (2005) may serve as sources of information and as the basis for further refinement. Participants suggested that a lead agency develop a matrix (template) to match mapping and management needs with technologies. It was suggested that this matrix would be web-based and interactive in a "flowchart" manner. Action: Create online matrix of technologies decision tree, where vendors can enter prices. The technology breakout group developed preliminary lists to illustrate and highlight technical capabilities and applications.
Example platforms, sensors, and resolution SEA SURFACE
• Platform -vessel, satellite, airborne, diver • Sensors -acoustic, active and passive optical, chemical, thermal, magnetic (2D, 3D), and direct sampling (physical) • Products -bathymetry, imagery, geology, water quality, and water parameters • Resolution -sub-meter to tens of meters • Scale -meters to tens of kilometers, subsurface
SPACE
• Platform -satellite • Sensors -optical (multi-hyperspectral), radar, and thermal • Products -sea-surface temperature and height (SST/SSH), color, habitat, photo, currents, winds, and evaluation of trends • Resolution -meters to kilometers • Scale -hundreds of kilometers • Practicality -global, 24-hour, synoptic, time series • Limitation -parameters are pre-set on most satellite/sensor packages AIR • Platform -planes, helicopter, balloon • Sensors -active and passive optical, thermal, atmospheric, laser, magnetic (2-D, 3-D), radar, multiand hyper-spectral • Products -bathymetry/topography, habitat, imagery, water quality, currents, species monitoring; suitable for shallow and coastal mapping • Resolution -sub-meter to tens of meters • Scale -kilometers to hundreds of kilometers • Practicality -regional, day and nighttime depending on sensor, sensor flexibility • Limitation -weather, optical depth Example projects and geographic regions:
Shallow habitat such as seagrass beds
• Technologies -photo interpretation, bathymetry (2-3 m), LIDAR, sidescan sonar, airborne hyperspectral imagery, satellite imagery, and direct sampling • Problems -shallow depths, weather, cost/time • Methods under development -unsupervised interpretation (hybrid mapping tool)
• Product -GIS layer, virtual reality mark-up language (VRML), benthic-habitat map
Mid-depth such as coral reef (20-m water depth)
• Problems -fringe of passive optical, too shallow for SWATH
• Technologies -active (LIDAR) and passive (aerial or vessel-based) remote sensing, ROV, and divers
Mid/deep water such as Pulley Ridge
• Problems -3D (water column, volume), distance (x,y,z) ground truth, resolution, cost
• Technologies -acoustic, multibeam, sidescan, bottom class, optical (video, AUV)
• Bottom line -a number of options are available. The underlying science is key to determining the method, although cost effectiveness often plays an integral role.
Agency Mapping Programs, Needs, and Priorities
Florida State agencies, Federal agencies, local governments, municipalities, and academic institutions have been acquiring data and mapping coastal and marine resources for many years. However, each agency has jurisdiction over different regions, and each is driven by a different mandate. Currently, there is no centralized database repository, metadata for existing data are incomplete, and the community has lacked a forum. In an effort to address data gaps, resource limitations, and the 'need to know,' a segment of the workshop was devoted to the various ongoing programs.
Florida State Agency Programs
Agencies that presented their programs and mapping priorities at the workshop included the The FWC Fish and Wildlife Research Institute (FWRI) have initiated a cataloging effort called Geospatial Assessment of Marine Ecosystems (GAME). FDEP and FWRI partnered with the University of South Florida (USF) and Florida Institute of Oceanography (FIO) to create the GAME program in 2005 as the initial step of a mapping initiative. This step has focused on assessing the physical, chemical, geological, biological, and human-use data available for resource management as a means to identify where gaps in the different types of data exist. The GAME program has established a database of metadata for existing map data and has produced data maps showing relative densities of available data of various types. The catalog does not provide access to actual data and is limited by a lack of submissions from possible data sources.
Florida State Agency Needs
Although mapping needs among Federal, State, and local agencies are diverse, there are common and basic underlying needs. Best use of fiscal resources will depend on coordination and leverage efforts and a comprehensive catalog of ongoing and future projects to avoid duplication. The most common marine mapping information needs discussed were:
• bathymetry: varying vertical and spatial resolutions, depending on location and depth;
• sea level: nearshore high-resolution bathymetry and topography merge;
• shoreline change;
• benthic habitat maps;
• subsurface geology;
• sediment;
• human structures: docks, pipelines, cable;
• water quality: nutrients, organic matter. Eight State agencies and four Federal agencies outlined participants in their programs, mapping needs, and priorities. A matrix of State and Federal needs was created (Table 1 ) from the presentations and discussions. In this exercise, topics of concern were simply listed and checked if an agency indicated the topic or area was a priority. The topic list included broad, regional concerns and recognized local features such as habitat areas of particular concern (HAPC). Localities or topics that had multiple-agency interest have greatest potential for leveraging the full extent of resources. For example, the Big Bend Seagrasses Aquatic Preserve (from St. Marks to Crystal River) shows five agencies are interested in mapping this area. Biscayne Bay and Northwest Florida also show five agencies interested in mapping the areas. This matrix provides a view into overlapping needs of agencies and shows the potential for elimination of redundancies in mapping of certain areas and leveraging monies. 
State of Florida Mapping Priorities
State-appointed representatives created an initial prioritization list through a process known as "paired comparisons," in which each potential priority mapping area was compared to every other priority. The preliminary list was later refined by a larger, more inclusive group of State agency representatives to incorporate information from the workshop into the priority setting. All eight State agencies with coastal and ocean resource-management responsibilities, including all five water-management districts, FDEP, FWC, and DACS, provided input to the process. Results of that effort are shown in Table 2 and Figure 6 . The top two ranking mapping-priorities areas are Big Bend and NW Florida. The issues driving the need for mapping in these two places include:
• each area contains large Aquatic Preserves;
• anticipated changes in land-use patterns;
• need for shoreline-change detection;
• presence of emergent coastal wetlands;
• many benthic features are poorly known;
• fisheries management such as Gulf sturgeon habitat usage;
• legislation that allows for no degradation of habitat beyond ambient conditions. These two areas also lack a number of newer data acquisitions and have been relying on older datasets to address pertinent management questions. Managers need detailed bathymetry, maps of bottom type and submerged aquatic vegetation (SAV), and the ability to delineate Marine Protected Areas (MPAs). The workgroup developed a table listing the minimum data needed to address management needs and suggested resolution, scale, and technology (Table 3) . 
Classification of Habitat and Bioregions
Classification of habitats over a large region presents difficulties because each technique and each mapping activity has a different capability and purpose. When combining multiple datasets collected by many agencies into a single, comprehensive map, data resolution, spatial correlation, and the different methods of mapping habitats can result in conflicts between habitat designations. Clear matches and data integration may not be possible due to the variety of science and management questions driving each habitat classification effort. An underlying issue behind classification is the designation of bioregions that mesh seamlessly with a regional classification matrix. Workshop sessions were designed to open discussion on existing classification schemes and bioregion distinctions, the potential for a single classification scheme, and the steps necessary to establish classification schemes and bioregion boundaries acceptable to all.
Classification of Habitat
Several agency efforts have been aimed at developing classification schemes for coastal and marine habitats. NOAA representatives presented the NOAA coral classification scheme and the Coastal and Marine Ecological Classification Standard (CMECS; Madden et al., 2005) . The primary compatibility problem identified was the need for finer levels of habitat distinction for corals than CMECS provided. This is a common issue in mapping: regional efforts require gross mapping categories, and local or habitat-specific efforts require a detailed breakdown within the larger categories.
A secondary, but equally important task is the development of a method to blend existing habitat data from different sources into a common habitat-classification scheme. To that end, FWC FWRI developed the System for Classification of Habitats in Estuarine and Marine Environments (SCHEME; Madley et al., 2002) . SCHEME was developed specifically to help create maps using multiple datasets by "cross-walking" the data to fix incompatibilities. A cross-walk is a table or matrix that specifies how to link or cluster categories from different sources. Nested or hierarchical classification schemes based on fundamental characteristics such as bottom type, water depth, underlying substrate, vegetation, and water quality can facilitate the resolution of apparent incompatibilities between datasets. Using the same framework, classification schemes can also be blended across the transition to terrestrial habitats. Terrestrial and aquatic system classification schemes have been in use for many years and follow the nested, hierarchical framework (Cowardin et al., 1979; Anderson et al., 1976; Dobson et al., 1995) . Other issues discussed include:
1. SCHEME and CMECS II can be nested; 2. standard codes exist all the way down to subclass 4 of CMECS; 3. a seamless transition for land-to-water habitat classification; 4. collaborative effort to guarantee consistent use of modifiers and descriptors; 5. NOAA coral program has not compared their definitions with CMECS but has with SCHEME for those categories that can be cross-walked; 6. NOAA coral program noted that it must maintain compatibility with other coral mapping efforts of the U.S. program. Any standard system used by Florida needs to allow a link between outside projects and projects in Florida; 7. Responses to the question: "Why wouldn't one just use the SCHEME and CMECS systems?"
• NOAA needs to maintain compatibility with existing NOAA Coral Program classification system. • Categories must be field-tested in a real-life mapping activity prior to inclusion in a classification scheme.
• The amount of detail required is the determining factor.
Is there a central place where descriptors are located now?
• Could use GAME, as SCHEME already does. At the close of the discussion, NOAA CMECS proposed that they develop a cross tabulation among CMECS, SCHEME, and NOAA schemes. The case was made that as long as the systems can be crossed-walked, then sufficient compatibility would be achieved.
Subsequent to the mapping workshop, an updated version, CMECS III, was to be released at a public workshop in June 2007. This version would be designed to increase compatibility with the major U.S. wetlands classification schemes. A separate SERPPAS workshop is being planned to examine the compatibility further and to seek adoption of a standard habitat-classification system by representatives of the southeastern states. That meeting will help highlight the differences among some existing classification schemes and examine the potential to arrive at a single common habitat-classification scheme for all parties to adopt. Achieving this would allow future habitat-mapping efforts to blend data from different sources more easily.
Three major existing classification systems were presented:
• CMECS, Coastal and Marine Ecological Classification Standard,
• NOAA coral classification scheme, • SCHEME, System for Classification of Habitats in Estuarine and Marine Environments. The presentations were followed by a joint question-and-answer session that led to the general conclusion that existing incompatibilities may be resolved, though it would require more time than was available at this workshop. The primary compatibility problem identified among the three systems was that each classification scheme was designed for addressing different map products and management needs from different data sources. The NOAA corals classification scheme was designed to determine zonation, geomorphology, and biological cover from IKONOS satellite data, and was limited to coral reef systems. CMECS II is an ecological classification system that was developed independently of mapping protocols. SCHEME was designed to be altered with "modifiers" to include all habitat types and mapping technologies for ecosystems solely in the Gulf of Mexico.
Designation of Bioregions
The designation of bioregions, or ecoregions, is typically based on the geographic distribution of biological and physical attributes and the concept of an integrated ecological system. Workshop discussants described four issues around the designation of bioregions: definition, scale, boundaries, and management needs.
Definition
A bioregion can be defined as, "An area constituting a natural ecological community with characteristic flora, fauna, and environmental conditions and bounded by natural rather than artificial borders" (AHS Dictionary, 2005) . The World Wildlife Fund (WWF, 2007) defines an ecoregion as, "A large area of land or water that contains a geographically distinct assemblage of natural communities that (a) share a large majority of their species and ecological dynamics; (b) share similar environmental conditions, and; (c) interact ecologically in ways that are critical for their long-term persistence." Delineation of a marine bioregion is determined by physical features such as depth and sediment type, biological communities that vary from the surrounding area at a given scale, uniform geologic formations, and chemical similarities (e.g., salinity). Even the scale of NERRS regions may be too coarse for the type of distinctions needed to manage resources occurring at different depths or in different geologic provinces around the State of Florida. Selection of scale is the first step in designation of marine bioregions of Florida. The bioregion workgroup suggested a minimum mapping unit of 100 km 2 for delineation of bioregions.
Boundaries
The task of defining useful bioregions also relies on fundamental information on geology, bathymetry, and climate, and the presence or absence of species that serve as keys to habitat function. Thus, the second step toward bioregion delineation is a synthesis of existing data and the demarcation of natural borders based on multiple criteria. The workgroup recommended a combination of:
• geologic provinces;
• bathymetry;
• climate/weather parameters: sea-surface temperature (SST), wind, and salinity patterns;
• ocean-current and gyre patterns and boundaries;
• chemical parameters;
• biological communities. Discussants provided an initial illustration of Florida marine bioregion boundaries and names based on underlying geology and coastal processes (Fig. 7b) . Figure 7c shows basic bathymetric contours. Figure 7d illustrates NOAA coastal-marine weather-reporting zones (NOAA NWS, 2007) . Note that the 10-m bathymetric contour ends and the DeSoto Canyon begins in the western panhandle, approximately where the Mobile/Tallahassee weather zones split.
Management Needs
A composite map overlay of NERRS marine bioregions, geology, basic bathymetry, and coastal weather zones is shown in Figure 8 . The evident boundaries generally concur with the State priority mapping areas shown in Figure 6 but include splits in the NW and NE coastal areas. Not surprisingly, both the management-derived map and the map based on naturally occurring boundaries have much in common. Boundaries between bioregions are not distinct edges but represent transitional zones, or ecotones, between functionally different areas. The actual line will be somewhat arbitrary since a bioregion is not a physical entity but a conceptual delineation. The workgroup pointed out that designation of a bioregion is a human construct, which can be useful in general assessments, planning, and management. However, bioregions are not static or real entities, and their boundaries may be redrawn according to changing climate, new information, or management needs. For that reason, the selected boundary is less important than the actual work conducted to assess and manage resources in the area. (Fig. 6 ) and preliminary natural boundaries (Fig. 8) . The workgroup noted that while there may be sufficient information to initiate demarcation of bioregions, the boundaries could be improved by acquisition and integration of geographically complete baseline data at a100-km 2 scale. The workgroup recommended mapping transects across (perpendicular to) suggested bioregion boundaries to verify the location of changes in physical or biological characteristics. It is expected this topic will be pursued as part of a dialogue between management and researchers.
Additionally, NOAA has developed a Coastal Assessment Framework (CAF) based on watersheds and the interface of watersheds with the marine system (NOAA CAF, 2007) . The primary components are: Estuarine Drainage Areas (EDA), Coastal Drainage Areas (CDA), and Fluvial Drainage Areas (FDA). Not surprisingly, most of Florida consists of either EDAs or CDAs. Even this small distinction may be helpful in determining boundary zones near the coast, where freshwater influx originates from significantly different upland or watershed sources.
In-Depth Discussions: Matching Priorities to Next Steps Breakout Groups and Plenary Topics
In-depth discussion groups were formed to address the following topics:
• commonalities among mapping priorities;
• coordination of mapping activities; • technology; • designation of bioregions;
• baseline mapping data. Results of these discussions were combined with existing sections and with feedback on plenary questions. The plenary topics addressed during the workshop were:
• how to make new and existing data available to those who need it;
• how and when to update marine mapping priorities ;
• improved methods for assessing stakeholder priorities;
• advantages and disadvantages to establishing a single Federal mapping priority in Florida.
Coordination of Mapping Activities, Data Availability, and Communication
There was strong consensus on the need for oversight by a geographic information officer (GIO) or office, a web portal, and requirements for public distribution of data acquired with State or Federal funds. There was also general agreement on the need for future meetings to continue the dialogue and refinement of objective and approach. Existing information and data gaps could be explored individually by agency and stakeholders and presented to the larger group at a future meeting.
Although there is no common 'language' that standardizes how agencies specify their mappingdata needs, the participants felt that there was advantage in creating a glossary of mapping terms, designations for horizontal and vertical resolution, data formats, map standards, data accuracy, and classification schemes that allow integration of datasets between agencies.
Creation of Geographic Information Officer (GIO)
A major stumbling block in the reduction of data redundancy and spending inefficiency has been a lack of communication during mapping efforts. Diverse agencies and entities need to be kept informed as each group allocates their limited resources. Most participants felt that projects and their status need to be reported through a mechanism, such as a Coastal Assessment Framework (CAF). There was an enthusiastic agreement that a geographic information officer (GIO) that works closely with FDEP is needed. A board or State geographic planning council could also be created with representatives from all agencies to facilitate information sharing and timely communication. Also, better coordination among Federal, State, academia, and industry will help avoid duplication of efforts and increase output with combined resources.
Along with the GIO, there is an apparent need for a website portal and web-based group forum, although the source of funding for the portal was debated. The web presence and GIO role could start small with one or two people sharing initial responsibilities, information dissemination, and coordination with working groups to link similar mapping needs. This job would ramp up in the long term to build a cohesive community, strong communication habits, and a viable office. Some of the functions that the GIO would oversee include:
• website portal, listserve (email and listserver);
• maintaining project-status matrix by soliciting updates on projects;
• developing a list of contacts (include local users such as county planning);
• linking to legislative updates; • linking to funding sources.
Development of Web Portal One-Stop Clearinghouse of Data
A majority of participants endorsed an agency or NGO to take ownership of a State-funded or Gulf-wide web portal that would incorporate a GIS database, Internet Mapping Service (IMS), and cataloged data, similar to the Florida GAME program. The State of Florida has several existing web-based mapping efforts: GAME, Land and Boundary Information System (LABINS, 2007) , and Florida Geographic Data Library (FGDL, 2007; http://www.fgdl.org/) . GAME has been discussed earlier in this report. LABINS and FGDL have been in existence for years, and each serves as a clearing house for raster or vector data, providing data on disk media for a fee. The State Bureau of Beaches and Shores also maintains the Reconnaissance Offshore Sand Search (ROSS, 2007) database for sand resources. Further, it was recommended that any data obtained through State and Federal funds should be entered into a select and common database and that data use should be free of restriction. An annual symposium could be held to introduce data and technologies. Both old and new datasets should be available or should describe metadata such as data source, format, and contact. Other data may be available from numerous sources as provisional data. It was recognized that some data, such as imagery, may be difficult to distribute from a geospatial one-stop due to data storage size and licensing.
Four online State mapping efforts were discussed during the workshop, including FWCC Geospatial Assessment of Marine Ecosystems (GAME, 2008), Reconnaissance Offshore Sand Search database (ROSS, 2007) , Florida Geographic Data Library (FGDL, 2007) , and Land Boundary Information System (LABINS, 2007) . LABINS could be used as a model for successful distribution of imagery by the State at an online portal. Suggested actions are to:
• conduct an inventory of existing portals and select best-fit; • set up protocols for populating marine database and develop a standardized data format;
• create online matrix of technologies, platforms, and data-product options;
• identify stakeholders beyond State and regional agencies, and open discussion with GIS managers;
• gather a smaller group together to delve deeper into the issues, particularly the priorities identified in this workshop; • request that vendors contribute specifications such as price, data resolution and accuracy, and turn around time to make the process competitive.
Updates to Priorities and Stakeholder Input
State and Federal agency priorities were defined by the individual agencies, based on critical issues, and were prepared in advance, specifically for discussion during this workshop. Agencies described their mapping program and listed the priority issues and areas for mapping. Participants gave substantial comments regarding this workshop and future needs. A majority of participants indicated that workshops, conference calls, emails, and websites were appropriate ways to update or expand on State mapping priorities. It was suggested that the GIO or responsible agency would be tasked with querying agencies for updates to the priority list in the future and making the updates available to the larger community.
The process in this first workshop did not include county and municipal governments, and participants requested more time for discussion and an iterative process with stakeholders. It was suggested that prior to future meetings, agencies should internally evaluate their priority lists by conducting local and stakeholder-focused surveys. This step could include focused or local stakeholder meetings, input on missing data, and web or email surveys sponsored by the agency's GIS manager. Alternatively, the State GIO could develop a list of stakeholders and poll annually via the web. It was suggested that GAME could be modified to incorporate stakeholder input, which would allow for informed prioritization by the agencies. Subsequent interagency coordination and communication will be important. Once priorities are determined by the agencies and submitted to the GIO or responsible agency, the GIO should disseminate updated priority lists and reading material for the participants.
The process of setting priorities, by necessity, must be an iterative process, with stakeholders providing input into State priorities as issues arise. In the event of a new meeting, the GIO would release a preliminary agenda to a broad group, including local planning agencies. Workshops should include discussion of updated priority lists, necessary revisions, progress, and future plans. Participants indicated that the use of interactive maps in workshops would be beneficial, and discussion should be organized by data themes such as bathymetry. It was suggested that a map of existing metadata and mapping efforts be provided to each participant. An overlay of critical issues would help resolve statewide needs and lead to revision of mapping priorities. Another suggestion was to create subgroups to meet on different time frames. Agencies could request conference calls to discuss catastrophic or seminal events and revision of priorities.
Suggestions by the participants for the time frame for updating a priority list ranged widely depending on the particular data needs. An example is a basic bathymetric map could be replaced at 1 to 20 years, depending on local events. Catastrophic events or socio-economic issues could dictate that an area or a habitat be re-mapped over a short time frame, such as 2-5 years, while more static areas could be revisited in 20 or 30 years. A conservative approach would be an annual update of priority mapping locations and topics. An annual review of priorities would facilitate information exchange, mappingactivities updates, and re-allocation of funding among changing priorities. Subgroups may need to meet before budgets and work plans are made. Other participant comments included the need to evaluate management requirements, such as Florida Wildlife Legacy Initiative and Century Commission's Conservation Blueprint, to determine priorities, and a suggestion for a 5-year strategic plan, with annual review to determine progress and re-evaluate priorities.
Funding for Mapping
Agencies that produce maps and many stakeholders recognized that it would take billions of dollars to map the entire Florida coast and shelf. Since funding has been sparse for mapping initiatives and programs, participants were asked to describe processes that can be used to appropriate or leverage monies for collecting baseline-mapping data (BMD). The following list was compiled:
• legislative process, such as a state legislative budget request (LBR), requires an agency champion;
• local government petitions;
• tie funding to a new, previously unaddressed, "hot" topic;
• tap into existing funding streams (e.g., beach renourishment -Federal, State, local); • tie into effects or impacts of catastrophic events;
• bonding for data;
• a "penny for…" county initiative;
• revenues generated by licenses, user fees, permits, documentary stamps, or mapping license plates;
• matching-fund grant programs;
• NGO efforts;
• seed monies from State water-management districts;
• "Friends of…" groups, local conservancies, land trusts;
• message that target issues important to program managers and management, not mapping for mapping's sake;
• soliciting and seeking non-traditional partners: Department of Defense (DOD), Department of Transportation (DOT), agriculture, SERPPAS, industry, utilities/energy (leverage utility corridors), ports, corporate, philanthropic endowments, endowed university programs and institutes (e.g., FGDL, Florida Resources and Environmental Analysis Center [FREAC] ).
Formation of Public/Private Partnerships to Support Mapping
An undertaking as large as mapping the entire Florida shelf will require the combination of many sources of funds. Both private and public sectors often have similar or overlapping objectives, and these interfaces should be investigated. In that light, certain models of public/private partnership to support the mapping effort should be explored, such as The Nature Conservancy model. Within Florida, opportunities present themselves as potential partnerships, including the large tourism and eco-tourism industry (fishing, boating, amusement parks, hotels, recreation industry) and realtors. Another partnership to explore is with Google and Microsoft, in which data are exchanged for products. Corporate stewardship should be explored and encouraged for conservation of resources and wetlands for the Gulf of Mexico region.
Participants recognized that the inclusion of SERPPAS in the workshop opened the door to possible DOD involvement. Priorities for mapping the coast and shelf should be articulated to DOD, with the objective to influence what DOD does in the future. In the future, the private sector should be invited to meetings to be part of the process from planning, to funding, to execution of mapping.
With the large fishing and boating industry in Florida, it is possible to identify "Ships of Opportunity" for some of the data needed. There could be an inventory that lists those types of data that ships, already in operation, could effectively collect. Appropriate sectors within the industry could be approached.
In some states, Minerals Management Service (MMS) has funneled oil-and gas-royalties back to the state. If this could happen in Florida, stipulations should be explored that the monies should be used for baseline mapping of habitats.
• Explore naming rights, such as the "Acme Company" bathymetry dataset.
• Communicate with local government and corporate boards to find areas of common interest, e.g., energy and manatees.
• Lease/purchase to pay for data acquisition. There are agencies with needs beyond that of the BMD for some portions of the priority area. Suggested alternatives for leveraging/combining funds for the greatest impact/good were:
• piggy-back projects;
• optimize data collection to minimize redundancy; • share data;
• improve communication in advance of data collection;
• derive additional data products from existing data;
• utilize existing cruise plans or "platform of opportunity."
Advantages and Disadvantages to Establishing a Single Federal Mapping Priority in Florida
There were many opinions on this topic, split between those in favor of a single overall Federal priority and those in disagreement. Those in favor of a single overall Federal priority suggested that the outcome could be an economy of effort and better employment of resources. If Federal agencies could establish a common goal, then the resources, both financial and logistical, could be allocated to a single goal, allowing for more efficient data coverage, collection, processing, and ultimately a better product. A single overall Federal priority should not take away from ongoing initiatives but should be established with new money. Since funds are limited, there is a need for a collective and integrated support structure behind the fewest number of initiatives possible. Suggested considerations:
• Federal agencies should work with State agencies.
• State managers want to be sure that Federal agencies do not misunderstand intentions of priority list.
Sometimes a small amount of information in many places can be better than a large amount in one place.
• Local entities will still take responsibility for higher-resolution needs that may not be addressed by large area initiatives from Federal agencies.
• A focused effort and continuing long-term support of infrastructure for development, maintenance, and updating of a geo-database could be beneficial.
• Another benefit from a Federal priority is that most State agencies want to map shallow, coastal areas, whereas Federal work can address the deeper, shelf areas.
• The State would still want their institutions, such as FWRI Center for Spatial Analysis, to be an integral part of the effort.
• A focused Federal effort should be supplemented by continuation of a broad effort.
• A Federal effort should be organized by geography and theme with inclusive feedback from stakeholders.
• If there is a Federal priority, it should be general enough to cover the State's needs.
• South Florida Mapping Implementation Plan (MIP) is an example of Federal and State prioritization.
Different agencies have different legislative mandates and may require different scales.
• It seems that all State agencies need to set a higher priority on collecting a comprehensive baseline dataset that can be used by all. Federal money and resources can help this effort. State agencies will continue to collect and recollect "pet" areas without concern for other sites and issues; thus, a focused group direction could be critical. On the other hand, some participants indicated that the Federal agencies need to develop overall regional mapping priorities, not State-specific priorities. Additionally, each agency has its own objectives and mission and the public would be better off if there were better collaboration and communication between agencies. Other opinions expressed during discussion:
• A single-Federal priority should be pursued only if there is a limited amount of funds for a statewide data layer or if Federal agencies have a limited time frame to complete the task or mission.
• Within State waters, Federal efforts should generally defer to the State and support State efforts to coordinate on a regional basis.
• A single Federal priority ought to be State driven.
• The citizens of Florida should establish a single Federal priority.
Baseline Mapping Data
Baseline mapping data were discussed in a focused breakout group. Major issues for baseline mapping are: consistency in resolution and data type, inclusion of special efforts within routine mapping programs, and discrepancies between budget allocations and real information needs. Another issue is timing of data acquisition for temporal consistency in comparison with future datasets. At a national level, baseline mapping has a terrestrial bias. There is a burgeoning need to establish a foothold for baseline marine maps by lobbying for negative elevation data, integration with topographic data at shorelines, benthic habitat maps, and general content standards for marine mapping efforts.
Baseline mapping data in the marine environment must include bathymetry and seafloor characterization. An ideal baseline dataset includes:
• bathymetry or water depth;
• substrate character with surface sediments;
• geomorphic features such as sand waves;
• subsurface geology (topographic control);
• living resources such as benthic and sessile species;
• shoreline maps with bathymetric/topographic merge and wetland/upland delineations;
• cultural/archeological features such as wrecks, pipelines, and artificial reefs;
• ground truth -an essential component to achieve mapping accuracy.
The resolution of bathymetry that is already available varies regionally because specifications such as resolution are usually driven by user needs and available technology. However, these variations in data acquisition and product resolution have resulted in inconsistent data quality and data type at the State and National level. Comprehensive data must be merged to the lowest common denominator for common datasets.
Regardless of user specifications, accuracy of maps is a high priority, including both vertical and horizontal spatial accuracy, classification accuracy, and site-specific to regional compatibility. Ground truth, repeatability, and quality assurance/quality control (QA/QC) can be used to assess accuracy.
Mapping efforts must have realistic expectations for the project life cycle and produce sufficient data of the type needed to address management or research questions. Additionally, mapping efforts need to adhere to regulations and statutes and balance data density versus cost. To address data density and cost issues, researchers and State managers need to evaluate methods and study the logistics of mobilization, production rate, site locations, and effective cost sharing.
Data resolution or data density is driven by program need, cost, technology, and time. A regional mapping effort that gives a 'lay of the land' overview will not require as high data density as a detailed site-specific study. However, agencies and research units may benefit from coordination of cost sharing through the determination of commonalities in data needs, despite apparent differences in data density. Temporal variability is also a concern because biomass and geomorphic features may change over time and may need to be addressed by re-visiting the site. Monitoring or change analysis is an important consideration in mapping and one that requires some foresight in the development and archiving of the original datasets.
Based on these discussions, the breakout group recommended that routine mapping efforts be changed to accommodate high-resolution data needs, such as the mapping of anomalous bottom features. Routine mapping programs are usually most cost effective, so changes built into existing programs should not overwhelm either the budget or intent. As an alternative, a secondary program might be initiated to incorporate the increase in data density. Combined baseline mapping efforts should try to maintain flexibility in survey design and operation and use site-specific mapping as "ground truth" where appropriate. All of these suggestions are built on the concept of cost sharing, where the supplemental data collected are funded in part by the agency or research group petitioning for the new data.
In general, the State of Florida needs stronger advocates for marine mapping, for consistency in data acquisition, for statewide coverage, and for distinguishing between budgetary limits and real data needs. To do this, researchers and managers need to establish an ongoing dialogue about issues and imperatives for marine mapping. Additionally, the same issues are faced by marine and coastal management nationwide and warrant participation by Florida in an interstate dialogue.
Workshop Recommendations Finding Commonalities among Mapping Priorities
There are diverse information mapping needs among agencies and these must be assessed through several means. Participants were asked to comment on methods for assessing commonalities among the mapping-data needs and activities of the various agencies. One suggestion was to use an online datamanagement tool like GAME. The current use of this tool allows the collection of standardized information on datasets that are planned, completed, and ongoing. Although there was some concern about negative consequences of including potential future projects, an online tool could be expanded to include updated charts and maps showing upcoming mapping topics or new areas of concern. 
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